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FEEDING A CHOLINE-DEVOID (CD) diet
markedly influences the process of chemi-
cal hepatocarcinogenesis in the rat. The
diet can act as a cocarcinogen (Lombardi &
Shinozuka, 1979; Shinozuka, et al., 1978a),
shift the organ specificity of azaserine
from pancreas to liver (Shinozuka et al.,
1978b), enhance the evolution of initiated
liver cells to foci of preneoplastic hepato-
cytes (Sells et al., 1979; Shinozuka et al.,
1979; Shinozuka & Lombardi, 1980;
Takahashi et al., 1979), and stimulate the
evolution of the latter to hepatomas
(Takahashi et al., 1982). These effects are
consistent with the diet acting as a strong
promoter of liver carcinogenesis. Even
though the mechanisms whereby it exerts
such an action are not known, several can
be postulated (Shinozuka et al., 1978a,
1979) on the basis of the many structural
and functional alterations which are
induced by the diet in rat hepatocytes
(Kuksis & Mookerjea, 1978; Lombardi,
1971). Of these, the simplest is unduction
of liver-cell necrosis and regeneration.
Indeed, cell loss and regeneration, induced
by such means as partial hepatectomy
(PH) or the single or repeated administra-
tion of carbon tetrachloride, is known to
act as an efficient promoter of liver
carcinogenesis in rodents (Pound, 1968;
Pound & Maguire, 1978a, b; Ying et al.,
1981). Solid evidence that feeding a CD
diet to rats stimulates liver DNA synthesis
and liver-cell proliferation has been ob-
tained recently (Abanobi et al., 1982). This
stimulation appears to reach a maximum
after 1-2 weeks offeeding the diet, and to
remain fairly stable for several weeks
thereafter. However, it is not clear
whether the stimulation results from cell
death and loss, or from other cellular
alterations induced by the diet.
Themostconspicuouspathologicallesion
caused by a CD diet in rat liver is an
accumulation offat which, as it progresses,
causes a rupture ofthe plasma membrane,
and formation of extracellular collections
of fat which have been termed fatty cysts
(Hartroft, 1951, 1961). The latter result
from the fusion ofseveral large droplets of
fat, each contained originally within
single hepatocytes, the remnants of which
constitute the wall of the cysts. That
accumulation of fat is accompanied by
liver-cell necrosis is suggested not only by
the above histopathological evidence, but
also by the repeated finding (Sells et al.,
1979; Shinozuka et al., 1978c, 1979) of
increased levels of glutamic oxaloacetic
transaminase (EC2.6.1.1, SGOT) in rats
fed a CD diet and exposed, or not, to a
chemical carcinogen. The increase in the
SGOT level, however, is not very pro-
nounced, although statistically significant.
Furthermore, it occurs during the first
1-2 weeks offeedingthe diet, andstabilizes
thereafter. It appears, therefore, that the
diet may induce a low grade ofhepatocyte
necrosis which could be compensated for
and limited by a low grade of hepatocyte
regeneration.L. I. GIAMBARRESI, S. L. KATYAL AND B. LOMBARDI
Assessment of the extent of liver-cell
necrosis, by histopathological means, is
difficult when dealing with a fatty liver
and the death of a few scattered hepato-
cytes. Furthermore, increased levels of
SGOT may not necessarily equate with
cell necrosis in such a liver, and could
result from hepatocyte alterations other
than death (Zimmerman, 1978). Thus
there is a need to obtain stronger evidence,
by a different approach, that a CD diet
induces a significant degree of liver-cell
necrosis, and that the latter is related to
the diet-induced stimulation of liver-cell
proliferation. One approach which has
been usedbyprevious investigators (Nishi-
zumi et al., 1977; Yager & Potter, 1975) is
to prelabel liver-cell DNA, and assess the
extent to which a treatment causes liver-
cell death from the loss, if any, of radio-
activity from total liver DNA. The follow-
ing experiment was therefore performed.
Male Sprague-Dawley rats (Zivic Miller
Laboratories, Allison Park, PA), with an
initial body weight of 95-105 g, were used.
One group of animals (Group 1) was
placed on a commercial laboratory diet
(Wayne Lab-Blox, Allied Mills, Inc.,
Chicago, IL) for 2 weeks, and, 1 h before
killing, was injected via the femoral vein
with 100 uCi/kg of[3H]-TdR (20 Ci/mmol,
New England Nuclear, Boston, MA). The
remaining animals were subjected to a
2/3 PH (Higgins & Anderson, 1931), and
were given an i.p. injection of [14C]-TdR
(53.4 mCi/mmol, New England Nuclear,
Boston, MA), 10 ,uCi/kg, at 18, 20 and 22 h
thereafter. These animals were placed on
the commercial laboratory diet (LC) for
2 weeks to allow for liver regeneration,
and were then randomly divided into 4
groups. One group (Group 2) was given
[3H]-TdR, as above, and was killed 1 h
later. Groups 3 and 4 were placed on a CD
diet, or a control, choline-supplemented
(CS) diet, respectively, for 3 weeks. Since
these 2 diets are purified (Shinozuka et al.,
1978c), the LC diet was fed to Group 5,
also for 3 weeks, as an additional control.
One hour before killing, [3H]-TdR was
injected, as before, to each of the rats in
Groups 3-5. All animals were anaesthet-
ized by administration of pentobarbital,
and a blood sample, drawn from the
abdominal aorta into heparinized tubes,
was used for SGOT determination (Reit-
man & Frankel, 1957). The liver was
removed, weighed, quickly frozen in
liquid N2, and used subsequently for DNA
extraction. Briefly, the liver was homo-
genized in ice-cold 5% trichloracetic acid
(TCA) and the homogenate was centri-
fuged. The pellet was washed once with
5% TCA and then delipidized by several
washings with graded ethanol solutions
and a 3: 1 mixture of ethanol:diethyl
ether. The delipidizecl pellet wassuspended
in 2N perchloric acid (PCA), and DNA was
hydrolysed by heating at 70°C for 20 min.
The volume ofthe hydrolysate was noted,
and lml aliquots were added to 10 ml of
Aquasol (New England Nuclear, Boston,
MA). Radioactivities were measured in an
Intertechnique Liquid Scintillation Spec-
trometer (Model SL-30) equipped with a
computer interface for double label count-
ing and automatic quenching correction.
[14C]-DNA radioactivities were calculated
and expressed as dpm/liver, rather than
as dpm/mg DNA, in order to disregard any
effect that cell proliferation, or changes in
the ploidy of the cells-with consequent
dilution of labelling-would have on the
specific activity of DNA. On the other
hand, [3H]-DNA radioactivities were cal-
culated and expressed as dpm/mg DNA.
DNA was determined (Burton, 1956) on
aliquots of the 2N PCA hydrolysates.
Differences between means were evaluated
statistically by Student's t test.
As shown in the Table, feeding the CD
diet for 3 weeks (Group 3) caused a
significant increase in liver weight due to
fat accumulation (Best & Huntsman,
1932), and a significant increase in the
level of SGOT. These increases were
accompanied by a 60% loss of liver DNA
[14C]-radioactivity (Group 3 vs 2), while
the same radioactivity, in rats fed the CS
or LC diet (Groups 4 and 5), was not
significantly different from that in rats of
Group 2. It is evident therefore that the
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CD diet, but neither ofthe 2 control diets,
caused a significant loss of prelabelled
DNA and therefore of liver cells. Despite
this loss, however, the content of DNA in
the liver of rats fed the CD diet was not
significantly different from that in rats
fed the control diet for 3 weeks. The cell
loss, therefore, must have been accom-
panied by a more or less comparable
increase in liver-cell proliferation. Indeed,
injection of [3H]-TdR 60 min before
killing resulted in about a 2-fold greater
specific activity of liver DNA in rats fed
the CD diet than in those fed the control
diets. A comparison of the [3H]-specific
activity of liver DNA in rats of Groups 1
and 2 indicates that liver regeneration 2
weeks after PH was essentially complete.
Thus the observed increase in the [3H]-
specific activity ofDNA in rats fed the CD
diet can be accounted for only by a rate of
liver-cell proliferation above and beyond
that due to normal growth ofthe liver and
replacement of cells lost because of
normal wear and tear, as it might have
merely occurred in rats fed either of the
control diets. In rats of Groups 1 and 2,
the weight and DNA content of the liver
were less than those in the other groups of
rats since the animals were killed 2 weeks,
rather than 5, after the beginning of the
experiment. In the same groups of rats,
SGOT levels were similar to those in rats
fed the control diets (Groups 4 and 5).
The results obtained in the present
study clearly indicate that feeding a CD
diet to rats causes a loss of prelabelled
DNA, and therefore of liver cells, accom-
panied by a stimulation of liver cell
proliferation. It is concluded, therefore,
on the basis of this new evidence and of
the histopathological and SGOT observa-
tions mentioned above, that feeding a CD
diet causes a low grade of liver-cell
necrosis followed by a low grade of liver-
cell regeneration. By modifying the basic
approach and design of the present
experiment, it might be possible to study
next the remaining question whether the
CD diet-induced stimulation of DNA
synthesis and liver-cell proliferation is
completely and exclusively accounted for
by the induced degree ofliver-cell necrosis.
Furthermore, it seems reasonable to
conclude that induction ofliver-cell necro-
sis and regeneration is a component ofthe
mechanism whereby a CD diet acts as a
promoter of chemical hepatocarcinogen-
esis, even though it remains to be deter-
mined whether it is the sole or even a
major component.
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